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(57) Abstract: The present invention 
concerns an apparatus for collecting 
ground radar data with polarization 
i n form u lion comprising a main body 

(2) exhibiting j means of moving the 
apparatus (1) along the ground, a part 

(3) that rotates in relation to the main 
body supporting a pair of antennas of 
transmitter and receiver type (7, 8), a 
power source (5) with connected control 
unit (4) for controlling and governing 
the ground radar, a transmitter unit 
(9) electrically connected to one of 
the pair of antennas (7) for generating 
and transmitting radar pulses and a 
sampler unit (10) electrically connected 
to the other antenna (8) for receiving 
the renccled radar pulses. 'To improve 
signal quaiily and reduce sensitivity to 
interference, the rotating pair c^f antennas 
(7, 8) support the transmitter unit (9), 
sampler unit (10) and A/D converter 
(II) contained in the .sampler unit, the 
power source (5» and the control unit (4) 
are located in the main body (2) and are 
electrically connected lo llie transmitter 
unit and sampler unit via a slip-ring 
arrangement ((>). in which the radar 
signals are conveyed digitally via the slip 
rin»! ananiiemeni. 
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APPARATUS FOR COLLECTING GROUND RADAR DATA WITH 
POLARIZATION INFORMATION 

The present invention concerns an apparatus for collecting ground radar data with 
polarization information as described in the preamble to claim 1. 

In the following, polarization data is taken to mean including information on the 
electrical field direction of the radar wave. 

Ground penetrating radar (GPR), also called ultra wideband radar, is a kind of time- 
dependent radar system characterized by its high bandwidth. Commercial GPR systems 
have a typical bandwidth in excess of 1 . 

To study the characteristics of a land area or more generally a sample medium a 
radar system is used in which one antenna transmits electromagnetic signals and another 
antenna registers the signals that are reflected from the sample medium. The information 
that is registered can be analysed to establish the characteristics of the sample medium and 
to establish the position of objects enclosed in the medium. The transmitted signals will 
change depending on the construction of the radar system. Several transmitters and 
receivers can be used in a multi-channel system for special applications. 

The transmitted electromagnetic waves have a number of properties that change as 
a result of their passage through the sample medium, reflection against objects and reflection 
against boundaries within the sample medium. These properties comprise amplitude, 
frequency, phase and polarization and are used to give a better picture of the conditions 
within the sample medium. 

A linear or generally more linear-like reflector polarizes all the incoming 
electromagnetic fields so that they will be roughly parallel to the reflector after reflection. As a 
result of this, a radar system using linear polarized antennas will register maximum amplitude 
when both the transmitter and receiver antennas are oriented parallel to the linear reflector. 
Minimum amplitude is registered when both antennas are oriented perpendicular to the 
reflector. Intermediate orientations, between parallel and perpendicular, will give intermediate 
amplitudes. With different orientations of transmitter and receiver antennas, a number of 
additional cases can be achieved. All of these situations can be analysed qualitatively by 
ascertaining that maximum coupling to a linear reflector is obtained when the antenna is 
parallel to the reflector, irrespective of whether it is a transmitter or a receiver. 

From US 6 388 629 is known an apparatus that uses one or more rotating antennas 
with both transmitter and receiver elements. The antennas are contained in a housing and 
rotate relative to the ground and consequently also relative to the apparatus itself. The 
apparatus is located on a mobile unit used to move the apparatus along the ground. The 
apparatus also comprises a pulse generator, which is electrically connected to each 
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transmitting element for the transmission of a radar pulse from one antenna and an A/D 
converter included in a sampler unit that is electrically connected to each receiver element 
for receiving radar pulses from the antenna. The device also comprises a data unit for storing 
collected readings, a power source and a control unit. For transferring signals between the 
5 said transmitter and receiver units and the A/D converter in the sampler unit, the apparatus 
comprises a slip-ring arrangement that acts between the antennas and the other units 
contained in the apparatus. 

Thanks to the aforesaid type of ground radar apparatus with rotating antennas, it 
has been proven possible to achieve both improved signal quality and reduced sensitivity to 
1 0 interference. 

However, the ambition is always to further improve both of these parameters, i.e. to 
improve signal quality and reduce sensitivity to interference. 

The object of this invention is consequently to achieve an apparatus for collecting 
ground radar data with polarization information that makes this possible and is achieved with 

15 an apparatus that exhibits the distinctive features and characteristics specified in claim 1. 

More precisely, the idea of invention is essentially based on the transmitter unit 
and sampler unit plus the A/D converter contained in the sampler unit being supported by the 
pair of antennas, while the power source and the control unit are located in the main body 
and are electrically connected to the transmitter unit and sampler unit via a slip-ring 

20 arrangement. Hereby is achieved the advantage of only radar signals in digital form being 
transferred via the slip-ring arrangement. Since digital signals are considerably less sensitive 
to interference than analogue signals, the invention offers the advantage of the analogue 
high frequency radar signals emitted from the transmitter unit being received by the sampler 
unit and converted to digital signals before being transferred via the slip-ring arrangement to 

25 the control unit in the main body for further processing. 

This can be compared with known ground radar apparatus with rotating pairs of 
antennas where the other constituent parts of the ground radar used for processing radar 
signals, such as the power source, control unit and transmitter and sampler units are located 
in the main drive body of the ground radar. The disadvantage of this arrangement is obvious, 

30 since high frequency and consequently interference-sensitive signals via slip-ring 
arrangements or similar means of signal transfer must be transferred from the antennas to 
the sampling unit located in the main body. Not least, such an arrangement puts high 
demands on the signal transfer quality of the slip-ring arrangement or similar means of 
transferring signals between the antenna and the sampler. Because the sampler unit 

35 according to this invention is located on the rotating receiver antenna, the high frequency 
radar signals can be converted into digital signals before they are sent for further processing 
to the control computer in the main body via the slip-ring arrangement. This gives a number 
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of advantages, amongst other things sensitivity to interference is reduced and it is possible to 
use cheaper and simpler slip-ring arrangements. 

A slip-ring arrangement links the antennas and a power source located in the main 
body. The slip-ring arrangement offers a continuous electrical contact between the power 
source and the pair of antennas, whereby only digital control signals and DC voltages are 
transferred through it. Consequently only simple signals pass through the slip-ring 
arrangement and the number of signals passing through it is minimised. 

Analogue HF equipment connected to the transmitter and receiver antenna can well 
be located in the housing. The extra weight this entails is practically negligible in comparison 
with the weight of the screens and RF damper used to make up the antenna housing. 

Principally, the geometrical position of the antennas is determined by the angle 
sensor in which the geometrical position of the antennas is sent to the control unit. 

Furthermore, the control unit governs the pair of antennas of transmitter and 
receiver type. 

Principally, the control unit can be programmed to read the polarization information 
in an unlimited number of antenna positions. A large number of antenna positions increases 
the time needed for recording data but the large amount of data enables a more 
sophisticated conversion of the collected readings. The balance between the number of 
orientation directions and the measuring speed depends on the task in hand. 

The present invention will be described below with reference to the attached 
drawing, which only shows as an example one embodiment of an apparatus for collecting 
ground radar data with polarization information according to the invention. 

Figure 1 in the drawings shows schematically the apparatus for collecting ground 
radar data with polarization information according to the invention. 

The apparatus generally referred to with the number 1 comprises a main body 2 and 
a part 3 that is pivot mounted to the main body 2. The main body 2 of the apparatus 1 
comprises a control unit 4 and a power source 5. A slip-ring arrangement 6 and an angle 
sensor 13 are located between the main body 2 and the part 3. The part 3 comprises a 
transmitter 7 and a receiver 8. The transmitter antenna 7 and the receiver antenna 8 are 
plane parallel and contained in a casing 12. The transmitter antenna 7 has an associated 
pulse generator 9 and the receiver antenna 8 has a sampler 10 and an analogue to digital 
A/D converter 11. Both the transmitter unit (9) and the sampler unit (10) are supported by the 
rotating pair of antennas (7, 8) like the A/D converter (11) included in the sampler unit. This 
design offers the advantage that the analogue high frequency radar signals sent from the 
transmitter unit can be received by the sampler unit and converted to digital signals before 
they are conveyed via the slip-ring arrangement to the control unit located in the main body 
for further processing. 



\« 0 2004/055546 



PCT/SE2003/00iyi4 



A drive unit (not shown) is used to rotate the antenna casing 12 in relation to the 
main body 2. 

In operation, the main body 2 of the apparatus 2 moves along the ground and the 
control unit 4 responding to a control program sends control signals through the slip-ring 
5 arrangement 6 to the pulse generator 9. The pulse generator initiates the transmitter antenna 
7, which sends electromagnetic waves into the ground below. The radiation that is generated 
is received by the receiver antenna 8 and converted to digital form in the sampler 10 and A/D 
converter. The generated digital information is then conveyed through the slip-ring 
arrangement 6 to the control unit 4. The information can either be stored in the control unit 4 

10 memory for later processing or be processed in real time with an on-board computer (not 
shown). The control unit 4 also governs the rotation or movement of the antennas 7, 8 
located in the casing 12. The angle sensor 13 provides the control unit 4 with information on 
the geometric position of the antennas 7, 8. 

Naturally, it should be understood that the invention is not limited to the details of the 

15 specific embodiment that is herein described only with the objective of serving as an example 
and that a number of changes and modifications are possible without departing from the idea 
of the invention as it is defined in the claims. 



' PCT/SEIOOJ/CMM^U 



WO 20()4/(>55546 

5 



CLAIMS 



1 Apparatus for collecting ground radar data with polarization infornnation 
comprising a main body (2) exhibiting a means of moving the apparatus (1) along the 
ground a part (3) that rotates in relation to the main body supporting a pair of antennas of 
transmitter and receiver type (7. 8). a power source (5) with connected control unit (4) for 
controlling and governing the ground radar, a transmitter unit (9) electrically connected to 
one of the pair of antennas (7) for generating and transmitting radar pulses and a sampler 
unit (10) electrically connected to the other antenna (8) for receiving the reflected radar 
pulses c h a r a c t e r i z e d in that the rotating pair of antennas (7. 8) supports the 
transmitter unit (9). sampler unit (10) and the A/D converter (11) included in the sampler un.t, 
that the power source (5) and control unit (4) are located in the main body (2) and .s 
electrically connected to the transmitter unit and sampler unit via a slip-ring arrangement (6). 
in which radar signals in digital form are conveyed via the slip-ring arrangement. 

2. Apparatus according to claim 1. whereby the transmitter unit (9) is supported by 
one (7) of the pair of antennas (7. 8) that is used as the transmitter antenna. 

3 Apparatus according to claim 1 or 2. whereby the sampler unit (10) and the A/D 
converter (11) is supported by one (8) of the pair of antennas (7. 8) that is used as the 
receiver antenna. 

4. Apparatus according to any one of the claims 1 - 3. whereby the transmitter unit 
(9) comprises analogue high frequency equipment. 

5. Apparatus according to any one of the previous claims, whereby the antennas (7, 
8) are contained inside a housing (12). 
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